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Numerical Analysis for the Effect of Ground and Groundwater Conditions
on the Performance of Ground Source Heat Pump Systems
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ABSTRACT: Recently, ground source heat pump (GSHP) systems have been introduced in many

modern buildings which use the annually stable characteristic of underground temperature as one
of the renewable energy uses. However, all of GSHP systems cannot achieve high level of energy

efficiency and energy-saving, because their performance significantly depends on thermal
properties of soil, the condition of groundwater, building loads, etc. In this research, the effect of
thermal properties of soil on the perfomance of GSHP systems has been estimated by a numerical

simulation which is coupled with ground heat and water transfer model, ground heat exchanger
model and surface heat balance model. The thermal conductivity of soil, the type of soil and the
velocity of groundwater flow were used as the calculation parameter in the simulation. A numerical

model with a ground heat exchanger was used in the calculation and, their effect on the system

performance was estimated through the sensitivity analysis with the developed simulation tool. In
the result of simulation, it founds that the faster groundwater flow and the higher heat conductivity
the ground has, the more heat exchange rate the system in the site can achieve.
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Fig. 1 Simulation Method.
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Table 1 Simulation condition

Single U-tube 40 A
Outer Diameter 40 mm
Inner Diameter 33 mm

Outlet of GHEX Inlet of GHEX

Ground heat

exchanger Bore Hole $160
Concrete Grouting
Domain 20m *x 20 m x 100 m

Flow Rate 15 L/min, AT 4T

Heat source Below 35C in Cooling

condition Above 5C in Heating
Cooling 6/1~8/31
Operation Heating 12/1~2/28
9:00~18:00
Initial temp 17C

Table 2 Calculation cases

Case| Type | Po f A Cs v
? {10 m/s] [[W/mKI[MJ/m Klm/y]

B9 AUEE woFY AFIRGI) ) eBe 250
el QNS A% Wupna e Bel ATE 2 |Rock 001 001 | 700 292 NA.
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E3 250 ATE 7FAHTw(2n-1)+AT)Eh 3, viu} 4 |Gravel|0.35) 0.35 1.83 297 |N.A.
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Table 3 Calculation results according to A
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Table 4 Calculation results according to V

V | T in Coolingl ]| Tw in Heating[C]

C
¢! [W/mK1 HP — G|G — HP|HP — G|G — HP Case| (/v 1 1P — GG — HP |HP > GG — HP
1 35 28.4 24.4 5.8 97 0 336 29.8 52 79
2 7.0 271 231 6.8 108 6 10 289 24.8 5.7 95
3 1.75 30.7 26.7 54 88 7 100 25.8 21.8 8.2 12.2
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Fig. 4 Heat exchange rate of Cases 1 to 3.

Caseb Case6 Case7

Fig. 5 Heat exchange rate of Cases 5 to 7.
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Table 5 Calculation results according to soil
type

c T T in Cooling[C] | Tw in Heating[C]
43¢ YPC 1gp 5 G|G — HP|HP — G|G — HP
1 | Rock | 284 24.4 5.8 9.7
4 |Gravel, 31.7 21.6 5.3 85
5 | Sand | 336 29.8 52 79
8 | Clay 334 295 53 8.0
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Fig. 6 Heat exchange rate of Cases 1, 4, 5
and 8.
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Table 6 Calculation results of heat pump COP
Heat Pump COP

Case Cooling Heating
1 6.05 412
2 6.33 420
3 5.60 4.06
4 5.43 4.04
5 5.09 401
6 596 410
7 6.62 433
8 513 4.02
8
6 y = 0005 x” - 0.472 x + 15.026
Cooling COP
84

"'.n....“

2" Yeating COP
¥ = 0.001 x2+0070 x + 3512

o L : ;
0 10 20 30 40
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Fig. 7 Performance curve of heat pump.
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